included childhood immunizations among the 10 great public health achievements in the United States in the 20th century. Despite this acknowledged success, childhood immunization rates continue to be much lower in select populations. Amish communities have persistently lower immunization rates. Recent outbreaks in Amish communities include a 2014 measles outbreak in Ohio, resulting in 368 cases reported. A recent outbreak of pertussis in an Amish community in Ohio resulted in the death of a 6-weekold Amish baby. Methods: A study was designed to determine the knowledge, beliefs, attitudes, and opinions of Amish parents relative to the immunization of Amish children. Data were collected through a questionnaire. Each potential participant was mailed a copy of a letter describing the proposed study. The questionnaire, a copy of the current immunization schedule, and a return stamped envelope were also included in the mailed packet. The study sample consisted of 84 Amish individuals who voluntarily filled out and returned questionnaires. Results: The findings from the data analysis demonstrated that fear, especially concern over too many recommended immunizations and immunizations overwhelming the child's system, was the most frequent reported reasons for not having children immunized according to recommendations. Conclusions: Religious factors and access to care were not among reasons most reported. Designing an educational campaign for educating Amish parents on the risks and benefits of immunizations with focus on specific concerns may improve immunization rates.
BACKGROUND
The Centers for Disease Control and Prevention (CDC) cited in the Morbidity and Mortality Weekly Review the success of immunizations as one of the top 10 public health achievements of the 20th century. 1 Despite this acknowledged success, childhood immunization rates continue to be much lower in select populations. 2 This study examined one of those populations, the Amish community in Ashtabula County, Ohio. Health People 2020's goal is to increase childhood immunization rates to ≥90%. Researchers have indicated that although immunization rates have increased during the last 20 years, coverage is still only approximately 77% nationwide. 1 Recent researchers have shown immunization rates for diseases such as measles have decreased over the last 5 years, and in 2014, more cases of measles were reported in the United States than had been reported in the previous decade.
stand that contracting a vaccine-preventable disease is considered dangerous and may even cause death.
Global recognition
Globally vaccines are viewed as a cost-effective method to prevent disease and death.
Childhood immunization has proven to be a vital component of health promotion. Statistics reported in the year 2000 indicated the United States had achieved the lowest rates of vaccine-preventable diseases and the highest rates of immunization ever recorded. 4 In the last 5 years, the United States had recognized an increase in the numbers of certain vaccine-preventable diseases, and a decrease in rates of certain immunizations. Multiple outbreaks of vaccinepreventable diseases, including pertussis, rubella, measles, varicella, and Haemophilus influenzae, have been reported in underimmunized Amish communities. [5] [6] [7] Understanding select populations, such as the Amish, is crucial for prevention of disease outbreaks because underimmunized populations are suspected of being reservoirs for infection.
The outbreak
The Ohio Department of Health, with assistance from the CDC, the Holmes County Health Department, and the Knox County Health Department, began investigating a measles outbreak in Holmes and Knox counties in April 2014. A group of Amish individuals traveled to the Philippines in March of that same year on a mission trip. Two unvaccinated individuals became seriously ill shortly after returning from the trip. The CDC confirmed a diagnosis of measles. The number of measles cases confirmed in Holmes and Knox Counties in 2014 was 368. This outbreak contributed to the total number of cases in the United States, which increased to 592 in 2014. 3 
The community
Communities with low rates of immunization are particularly at risk for outbreaks of vaccine-preventable diseases. Many researchers have examined outbreaks among communities with low immunization rates similar to the Ohio measles outbreak. 5 Many of the findings have been similar and are generally related to parents refusing immunization of their children based on common factors. Amish communities are often recognized as having a lower rate of immunization coverage than nearby nonAmish communities. 7 Previous researchers have implied reasons for low immunization coverage may vary among Amish Communities. 7 Amish individuals travel outside of their communities and can place others at risk for contracting vaccine-preventable diseases. Deaths have been reported related to some of the outbreaks.
METHODS
The purpose of this study was to gain information regarding the knowledge, attitudes, opinions, and beliefs of Amish parents residing in Ashtabula County and how these factors influence timely immunizations of Amish children. The theoretical framework was the PEN-3-Cultural Model, focusing on cultural influences, beliefs, and experiences in health behavior of individuals in a community. The development of a 20-question survey was guided by 4 research questions designed to evaluate any differences in Amish parents' decision to defer recommended childhood immunizations. Inferential statistics were used to draw conclusions from 84 individual surveys received. SPSS version 20.0 (SPSS, Chicago, IL) was used to code and tabulate scores collected from the survey and provide summarized values where applicable, including the mean, central tendency, variance, and SD. Multivariate analysis of variance (MANOVA) was used to evaluate these 4 research questions (Fig 1) .
Research question 1: What is the difference in Amish parent's knowledge, belief, attitudes, and opinions toward childhood immunizations between those who immunize their children according to the recommended schedule and those who do not? Null Hypothesis 1: There is no difference in Amish parent's knowledge, belief, attitudes, and opinions toward childhood immunizations between those who immunize their children according to the recommended schedule and those who do not.
Hypothesis 1: There is a difference in Amish parent's knowledge, belief, attitudes, and opinions toward childhood immunizations between those who immunize their children according to the recommended schedule and those who do not.
• Dependent variable: Knowledge of protective factors and safety factors, personal and philosophic beliefs, attitudes, and opinions regarding access barriers.
• Independent variable: Receive recommended immunizations on schedule (yes or no).
• Statistical analysis: MANOVA.
Research question 2: What is the difference in Amish parent's knowledge, belief, attitudes, and opinions toward childhood immunizations between those who immunize their children according to the recommended schedule and those who do not, and does the difference depend on age group? Null Hypothesis 2: There is no difference in Amish parent's knowledge, belief, attitudes, and opinions toward childhood immunizations between those who immunize their children according to the recommended schedule and those who do not, and the difference is not affected by age group. Hypothesis 2: There is a difference in Amish parent's knowledge, belief, attitudes, and opinions toward childhood immunizations between those who immunize their children according to the recommended schedule and those who do not, and the difference is affected by age group. • Statistical analysis: MANOVA Research question 3: What is the difference in Amish parent's knowledge, belief, attitudes, and opinions toward childhood immunizations between those who immunize their children according to the recommended schedule and those who do not, and does the difference depend on sex?
Null Hypothesis 3: There is no difference in Amish parent's knowledge, belief, attitudes, and opinions toward childhood immunizations between those who immunize their children according to the recommended schedule those who do not, and the difference is not affected by sex.
Hypothesis 3: There is a difference in Amish parent's knowledge, belief, attitudes, and opinions toward childhood immunizations between those who immunize their children according to the recommended schedule and those who do not and the difference is affected by sex.
• Independent variables: (1) Receive recommended immunizations on schedule (yes or no), and (2) sex.
Research question 4: What is the difference in Amish parent's knowledge, belief, attitudes, and opinions toward childhood immunizations between those who immunize their children according to the recommended schedule and those who do not, and does the difference depend on Amish order? Null Hypothesis 4: There is no difference in Amish parent's knowledge, belief, attitudes, and opinions toward childhood immunizations between those who immunize their children according to the recommended schedule and those who do not, and the difference is not affected by Amish order.
Hypothesis 4: There is a difference in Amish parent's knowledge, belief, attitudes, and opinions toward childhood immunizations between those who immunize their children according to the recommended schedule and those who do not, and the difference is affected by Amish order.
• Independent variables: (1) Receive recommended immunizations on schedule (yes or no), and (2) Amish order.
Sampling and sampling procedures
Four hundred and two individuals were invited to participate in the study by a mailed invitation.
Addresses were obtained from the Ashtabula County Directory and from the bishops in the Amish communities. A questionnaire was sent to all Amish families listed in the directory and to every Amish resident not listed in the directory when the address was obtained from the bishop. The questionnaire was introduced to the participants through a letter explaining the purpose of the study, and informing them of the nature of the intended study. The letter explained to the participant that participation in filling out the questionnaire was voluntary. They were advised they could refuse to answer any questions on the questionnaire or choose not to complete the questionnaire. Participants were provided with a phone number to call if they had questions, or wanted to discuss any aspect of the questionnaire with the researcher. The questionnaire was mailed out during the week of August 18, 2015. Participants consisted of 84 Amish individuals selected from a convenience sample of Amish individuals who reside in Ashtabula County and returned surveys. All participants who returned completed surveys reported being from the Old Order Amish group.
Procedures for recruitment, participation, and data collection
Data were collected through a questionnaire. A Mennonite physician, Olivia Wenger, MD, originally created the survey instrument. Wenger provided permission to use the questionnaire with some modifications. Wenger developed the questionnaire in attempt to understand more about the Amish population in Holmes County, Ohio. 8 Each participant was mailed a letter describing the proposed study. The questionnaire with return stamped envelopes were also included in the packet that was mailed to 402 potential participants. Eighty-four completed surveys were returned. A formal power analysis was conducted to determine the minimum sample size. With power set at .80, effect size set at .25, and α set at .05, the sample size required was 82 participants.
The questionnaire focused on obtaining nominal information as to the age, sex, and order. These variables were analyzed with the use of descriptive statistics. Additional questions analyzed with descriptive statistics included questions regarding parent's knowledge of where immunizations are provided at no cost, where the individuals receive information about immunizations, and factors that might influence parents to change their minds. The individual's knowledge, beliefs, attitudes, and opinions regarding immunizations and the recommended immunization schedule were assessed through 8 questions on a 6-point Likert-type scale ranging from 1 (strongly disagree) to 6 (strongly agree). These answers to the questionnaire were used to assess the dependent variables. The yes or no questions were dichotomous variables and were analyzed as nominal data. Data were organized by creating a spreadsheet from the questionnaires. Each questionnaire was assigned an identification number. Once the information was in the spreadsheet, it was entered into SPSS software for data analysis.
Ethical procedures
The participants in this study included Amish parent volunteers who were free to choose whether or not to participate. Voluntary consent was implied if the questionnaire was returned. No names were included on the surveys. The study was approved by the Ashtabula County Board of Health and Walden University.
Data analysis procedure
Inferential statistics were used to draw conclusions from the sample tested. SPSS was used to code and tabulate scores collected from the survey and provide summarized values where applicable, including the mean, central tendency, variance, and SD. MANOVA was used to evaluate the 4 research questions.
RESULTS
Findings demonstrated that a high percentage (97.6%) of respondents accepted some immunizations for their children. Of the parents, 58% reported they accepted all immunizations for their children, and 39.3% reported that they accepted some immunizations for their children; however, many do not have their children immunized according to the recommended immunization schedule (Table 1) . Only 2 of the respondents reported not accepting any immunizations for their children. Findings also showed that immunization adherence was affected by Amish parent's knowledge, beliefs, and opinions. As evidenced by findings, Amish from the Old Order who mostly adhere to the immunization schedule were more likely to have more accurate knowledge of the benefits and risks of immunizing their child.
Findings also demonstrated that Amish parents who had more positive beliefs regarding the safety factors and the effect immunizations have on a child's immune system were more likely to have their children immunized according to the recommended schedule than parents that did not have positive beliefs, based on the results of the questionnaire. Based on our results, more parents had concerns pertaining to safety factors and potential adverse effects from immunizations than general knowledge factors relating to providing their children with immunizations. More parents indicated a belief that having too many immunizations given at the same time or at a young age could be harmful to a child.
As evidenced by the study findings, parents with knowledge of the benefits of immunizations may still not have their children immunized according to the recommended schedule because they believe the recommended schedule could be detrimental to a child.
Overall, parents did demonstrate having knowledge that the benefits of immunizations outweigh the risks of immunizations; however, they may still believe they can take actions to reduce their perceived risks, such as following an alternative immunization schedule. Study findings also demonstrated that parents who had knowledge that immunizations could be provided free of charge and via home visits had their children immunized according to the recommended immunization schedule more often than parents that did not have this knowledge.
Study results from the between-subjects effects indicated that there were significant differences on 3 (knowledge, belief, and opinion) of the 4 dependent variables between those that provided their children with the recommended immunizations on schedule and those that did not (knowledge, P = .001; belief, P = .020; opinion, P = .027). That is, those that provided their children with shots on time had significantly higher knowledge (mean, 5.046), belief (mean, 4.163), and opinion (mean, 4.875) scores than those that did not; however, there was not a significant difference on the attitude variable. Religious attitudes did not have a significant effect on Amish parent's decisions to have their children immunized according to the recommended schedule or not according to the recommended schedule.
DISCUSSION
The information gained in this study demonstrated some of the same findings found in previous studies; however, some of the information varied from findings of previous studies. A study by Fry et al demonstrated Amish parents reported various reasons for failure to immunize their children. More than half of the parents reported they did not believe that immunizations were a priority compared with other activities that were required in their daily lifestyle. Eleven percent of parents reported fear of immunization side effects, and 22% reported philosophic reasons for not immunizing their children. Only 6% reported religious objections as the reason for not immunizing their children. Over 70% of parents reported that they would accept at least some vaccines if they did not have to travel so far to receive them. 5 Similar to the finding in the 2001 study conducted by Fry et al, 5 Amish parents in Ashtabula County did not report religious reasons as a significant factor for not immunizing their children according to the recommended schedule. Unlike findings from the Fry study, fear of adverse effects from immunizations was the most frequently reported reason Amish parents in Ashtabula County provided for not having their children immunized according to the recommended schedule. Only 11% of the parents in the Fry study reported fear of adverse reaction from immunizations as a reason for not following the recommended schedule. In the Fry study, >70% of parents reported the distance they had to travel to receive immunizations as a barrier.
Access to immunizations because of travel distance was not among the top reported reasons Amish parents in Ashtabula County reported for failure to have their children immunized according to the recommended schedule; however, parents who reported not having knowledge that public health nurses in Ashtabula County could provide home visits to provide free immunizations, did include this factor as one reason for noncompliance.
In another previous study conducted among an Amish population, the authors stated that although the Amish church does not specifically prohibit immunizations, they are not encouraged. Amish cultural practices seek to avoid dependence on government assistance; therefore, many consider accepting free immunizations a form of assistance from the government. 9 Amish parents in Ashtabula County did not report a concern over receiving free immunizations from the health department. Some parents provided comments at the end of the questionnaire stating home visits to provide immunizations for their children were greatly appreciated. Other Amish parents from the Old Order commented they believe that immunizations should be mandatory so their neighbors could not refuse. When their neighbors refuse, it places other Amish children at risk who are too young to receive vaccines, such as measles-mumps-rubella.
A study conducted in Holmes County, one of the largest Amish communities in the world, demonstrated that more Amish parents reported accepting immunizations than the authors expected; however, most of the parents reported they only permitted certain immunizations for their children. The study also demonstrated that decisions regarding immunizations were not strictly influenced by religious beliefs, and many parents reported decisions to exempt certain immunizations on the basis of ethical values. Additionally, parents reported concern over adverse effects of immunizations as a major barrier.
8 Table 1 Frequency and percent statistics of participants' sex, age groups, and whether parent's provided their children with all recommended shots on schedule (N = 84) Amish parents in Ashtabula County reported concern about adverse effects and the ability of a child to tolerate immunizations as the major barrier. Based on the results of this study, religious doctrine does not affect decisions of Old Order Amish parents in Ashtabula County regarding their decisions to immunize their children according to the recommended schedule. Accessibility was reported as a barrier by some parents; however, it was not reported as a major barrier.
Wenger et al 8 reported the results of their study indicated that concerns about immunizations among the Amish population are similar to reported concerns of non-Amish parents, with the major barrier reported as concern over vaccine safety and adverse effects of immunizations.
Limitations
The study was limited in many ways. Successful contact with all Amish families was not possible to obtain. There is not an Amish directory available for the county; therefore, information was obtained through the main county directory and Amish community bishops and elders. Many, but not all, Amish families are listed in the main directory. Additionally, not all Amish parents in the community were willing to complete the questionnaire. There are different orders of Amish residing in Ashtabula County. Individuals from the Swartzentruber group generally do not accept immunizations.
Eleven Amish residents returned surveys not filled out. The questionnaires were not completed; however, 9 of the questionnaires had some form of written communication at the top of the returned questionnaire stating that the individual did not believe in completing surveys or in taking immunizations. The sample size was small; however, it was adequate based on a power analysis.
CONCLUSIONS
The results of this study add to the current literature discussing reasons for lower immunization rates among Amish populations. Previous studies suggest there are a variety of factors that affect Amish parent's decisions regarding childhood immunizations. This study supports that more Amish parents in Ashtabula County report that decisions about immunizations are based on philosophic reasons rather than religious attitudes or access issues. Knowledge, beliefs, and opinions regarding vaccine safety, and concern over placing stress on the child's immune system, represent the major barriers to immunizing according to the recommended schedule reported by parents in Ashtabula County.
Recommendations
Efforts of health care providers working with Amish families should focus on redirection of parental misconceptions regarding vaccine safety concerns. Different approaches may be required to address misconceptions about immunizations with the Amish population than are used with the general population. Health practitioners should consider using Amish parents from the Old Order who mostly adhere to the immunization schedule as proxies to distribute the message that herd immunization needs to be obtained. In addition, heath practitioners should consider using Amish parents from the Old Order who mostly adhere to the immunization schedule as ambassadors to further educate those that do not adhere to immunization schedules. Additionally, reforming state vaccine policy and law could prove beneficial because most Amish are citing philosophic rather than religious reasons for refusal. Ohio is one of 19 states that permits philosophic immunization exemptions.
